Morphological observations of sweat glands showed degenerated debris of secretory cells in the secretory lumen in both apocrine and eccrine sweat glands. This suggested that dead secretory cells of human eccrine and apocrine sweat glands were released into the lumen and replaced by other cells. However, we did not know which type of cells replaced lost secretory cells. Therefore, we studied the proliferating cells in human eccrine and apocrine sweat glands by labeling S-phase cells in vitro with 5-bmmo-2-deoxyuridine (BrdUrd) and by immunostaining proliferation-associated proliferating cell nuclear antigen (PCNA) with anti-PCNA monoclonal antibody. BrdUrd and anti-FCNA antibody labeled a
Introduction
The human body possesses 3-4 x lo6 sweat glands, of which two types are generally recognized, i.e., eccrine and apocrine sweat glands. Eccrine sweat glands cover almost the entire body surface. Their main function is the control of body temperature (1) . An eccrine sweat gland is a simple tubular structure that consists of secretory and ductal portions. The secretory portion consists of three types of cells: clear secretory cells, dark secretory cells, and myoepithelial cells (2) . The secretory portion of eccrine sweat glands produces almost isotonic primary sweat. The duct portion reabsorbs Na from the primary sweat and then hypotonic sweat is secreted on the surface of the skin (3) . The apocrine sweat gland is a large sweat gland and is believed to be a remnant of an odorous mammalian organ. It is also a simple tubular structure consisting of secretory and ductal portions. Ducts of apocrine sweat glands open to hair follicles. and ducts of eccrine sweat glands open directly to the surface of the skin. Apocrine sweat glands are distributed mainly in the axillary and genital areas (4) .
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Correspondence to: Dr. Kenji Saga, Dept. of Dermatology, Sapporo Medical U. School of Medicine, Minami 1 Nishi 16, Chyuo-ku, Sapporo, Japan. 1995; accepted August 9, 1995 (5A3638) few secretory cells in eccrine and apocrine sweat glands, but neither method labeled myoepithelial cells. Luminal and peripheral cells of the eccrine and apocrine coiled duct were labeled with both BrdUrd and PCNA. However, we could not find any highly proliferative germinative cells in coiled ducts. Our results suggest that lost secretory cells could be replaced by proliferation of secretory cells themselves rather than by proliferation of myoepithelial cells or duct cells. and apocrine sweat glands. This suggests that secretory cells in sweat glands are renewed and are replaced by other cells. Myoepithelial cells surround secretory cells, and the secretory portion of sweat glands connects to the coiled duct. Studies with cultured mammary cells show that myoepithelial cells can differentiate into secretory cells under certain hormonal influences ( 5 ) . Therefore, lost secretory cells might be replaced by the proliferation of secretory cells themselves, by myoepithelial cells, or by duct cells. However, little is known about whether normal secretory cells and myoepithelial cells in sweat gland can proliferate and replace old cells. Some insight into this issue should be found by identifying the proliferating cells in human eccrine and apocrine sweat glands. To demonstrate proliferating cells, S-phase cells were labeled with 5-bromo-2'-deoxyuridine (BrdUrd) in vitro under hyperbaric conditions. Furthermore, proliferation-associated proliferating cell nuclear antigen (PCNA) was stained with an anti-PCNA monoclonal antibody (MAb).
Materials and Methods
Preparation of Tissue. Tissues of eccrine sweat glands were obtained from the margins of surgical specimens from six patients. Tissues of apocrine sweat glands were surgical waste from six patients of osmidrosis. Therefore, these apocrine sweat glands were in an active state. Tissues of BrdUrd labeling were cut into small pieces <1 mm3 in PBS at 4°C. Tissues for PCNA staining were cut into small pieces and were fixed in 70% ethanol for 12 hr at 4'C, then embedded in paraffin in a routine manner.
MORIMO'ID, SAGA RrdUrd Laheling. Proliferating cells were laheled with RrdUrd as reporred prcviouslv ( 6 ) . Small specimens were placed in a glass vial containing nucleoside. and nuileoritlc-free a-MES1 supplemrntcd with 10% hc:it.in:trtivatcd fetal calf scrum and 100 phi RrdUrtl. Thc vi;il was tightly scaled with a Teflonlruhher cap after replacing rhc air wirh 0 5 % 0: and 5"h CO: at thrce armosphcrcs of prcssurc and was incubated in :I shaking wirer harh for I hr at 3'"C. Preliminary srudiescarried out on mice showed that the DNA labeling index of normal skin using this in vitro method was ahout the same as that from pulse labeling in vivo wirh 100 mglkg of RrdUrd given intraperitoneally.
The labeled tissues were fixcd in '0% crhanol overnight at 4'C and then embedded in paraffin. Secrions 5 pm rhick were cur and the DNA denarurcd hy incubating in 2 N HCI for 1 hr. rhcn were washed in PRS a t pH 9 and PBS at pH :,4. The incorporated BrdUrd was visualizcd with an anti-RrdUrd MAh. The sections were incubated with rhis MAb at a 1:100 dilurion for 60 min in a moist chamber at room tcmperarurc (RT). After washing with PRS. the sccrions were then incubated with a biorinylatcd rabbit anri-mouse IgG antibody for 20 min. followed by a wash with PRS.
The sections were then incubarcd with peroxidase-conjugated streptaridin for 20 min. washed thoroughly with PRS. Color development rook placc in 0.03% diaminohenridine and 0.01% H2O: in 0.05M Tris-HCI buffer. pH '.2, at RT for 2 min. followed by dcparaffinizarion in xylene and rehydration. Endogenous pcroxidase was blocked by incubating rhe rehvdrarcd sections in 0.3% HIO~ in methanol for 20 min. Secrions were incubated with anti-PCNA mouse MAb (PCl0) at a 1:200 dilution for 2 hr in a moist chamber at RT. Afrer washing in PRS. xcrions were incubarcd wirh biotinylatcd rabbit anti-moux IgG antibody for 20 min. Antibody binding sires were visualized by the same strcptavidin method as described previously.
like a net or a basket. Labeled nuclei were located in the luminal secretory cells. Although it was not possible to determine which type of cells. clear cells or dark cells in secretory cells, were labeled. i t was most unlikely that peripherally located myoepithelial cells were labeled with BrdUrd (Figure 1) .
The secretory portion of apocrine sweat glands consists of sccrctory cells lined as a single laver. Myoepithelial cells enclose sccretorv cells. In apocrine sweat glands, a few tall columnar secretorv Counrerqaining 2nd Immunnhistcwhemiml hntml. After diaminohmzidinc reaction. scirions were stained with hcmatoxvlin for 30 sec. washed cells showed positive staining with BrdUrd ( Figure 2 ). Mvoepirhclia'l cells did not show labeling with BrdUrd. in water. dehydrated. mounted. and coverslipped. Some sections were counrcrstaincd hy rhc periodic acid-Schiff method ro visualize secrerory granules and basement membranes. Afrer color devclopmcnr for immunohrstochemisrry. sections were oxidized in 0.1% periodic acid solution for 10 min. followed hy a rinse in distillcd water. Thcn sections were trcarcd with Schiff reagent snlurion for 30 min. followed by dipping in rhrccchanges (3 min each) of 0.5% sodium hisulfirc. Sections were washed in running water for 10 min. rhcn sraincd with hematoxylin for 3 min. Aftcr washing in running water for 30 min. secrions were dchydrated in graded series of crhanol. mounted. and covcrslipped. This periodic acid-Schiff staining did not wash our the diaminohenzidinc reacrion products.
In the coiled duct of eccrine ( Figure 3 ) and apocrine sweat glands. outer cells showed more frequent labcling than luminal cells, although luminal cells occasionally showed positive staining with Rrd U rd .
Although calculation of the labeling index may be prone to error because of the small number of labeled cells. we tentatively cstimatcd the labeling index. We counted 2000-8000 nucleated cells in each portion from each subject. Labeling indices of the sccretory cells of eccrine m a t glands ranged from 0.09% to 0.14%. Labeling indices of apocrine secretory cells ranged from 0.08% to 0.1 10/0. lmmunohisrochemical controls were run for each specimen. Primarv anrihody was replaced by PRS in conrrol sccrion. Control sections did not Anti-PCNA antibody showed essentially the same pattern of staining BrdUrd in eccrine 2nd apocrine sweat glands. Although a few nuclei of secretory cells showed positive staining, myoepithelial cells were negative for staining in eccrine and apocrine sweat glands (Figures 4 and 5 ) . The frequency of labeling with anti-PCNA antibody was higher than that with BrdUrd. Labeling indices of the secretory cells ofeccrinesweat glands ranged from 0.5% to 11.3%.
Labeling indices of [he stcrcrory portion of apocrine
glands ranged from 0.8% to 37.5%. In a small number of sections. unusually large numbers of nuclei were labeled with anti-PCNA an- tibody (Figure 6 ).
Results
Staining with BrdUrd was restricted to rhc nuclei. In eccrine sweat glands. labeled secretory cells were very few. although they were consistently present ( Figure I ). Dark cells were located in the luminal side. whereas clear cells were situated between dark cells and myoepithelial cells. Mvoepirhclial cells surrounded secretory cells
Discussion
Few papers have been published regarding the proliferation of sweat gland cells. Holyoke and Lobitz ( 7 ) reporred chat one mitotic figure was observed in the secretory porrion of normal sweat gland in a series of4327 sections. Galosi et al. (8) reported that the length of the S-phase is prolonged in eccrine sweat glands when psoriatic skin was compared with non-psoriatic skin of patients or with normal skin. However, that study did not discriminate between the secretory portion, the intradermal duct. and the intraepidermal duct. In apocrine sweat glands of auditory meatus in the Velvet monkey, Goldstein (9) reported that approximately 30 cell divisions were found in 36 glands completely traced in serial sections from one external auditory meatus. All of these cell divisions were found in ducts, and none in the secretory portions of the glands. Hashimoto et al. (10) studied development of the embryonic eccrine anlage. Their study showed that in the secretory segment of older embryos, the basal cells had differentiated into secretory cells or into myoepithelial cells. They speculated that a few basal cells that were present in the secretory segment supplied new secretory cells. Despite these previous studies, we still do not know much about whether the cells of the secretory portion in adult eccrine sweat glands can proliferate and, if so, which cell type in the secretory portion can proliferate.
In many studies of cell kinetics in human tissues, proliferating cells have been labeled with [ 3Hj-thymidine by systemic administration. To overcome the problems of using [3H]-thymidine in vivo, we labeled the cells in S-phase with BrdUrd in vitro. In this study, small pieces of skin were incubated in a medium containing 100 pM BrdUrd under 3 atmospheric pressures of 95% 02-5% CO2 as reported by Sasaki and colleagues (11, 12) . The validity and usefulness of this method have been reported in previous publications, including our own (6, 11, 12) .
PCNAkyclin is a 36 kD acidic nuclear protein that functions as a co-factor for DNA polymerase delta (13) . Therefore, expression of PCNA is related tocell proliferation. An MAb, PCIO, which recognizes a fixation-and processing-resistant epitope. has been , extensively used to study its tissue distribution (14) . However, the numbers of PCNA-immunoreactive cells within some tumors exceeded that expected (14) . Furthermore, there was a dramatic increase in the number of PCNA-immunoreactive cells in quiescent cells adjacent to some tumors. Nevertheless, the distribution of nuclear PClO staining in non-neoplastic histological material is entirely consistent with an association of PCNA with cell proliferation. Moreover. conditions of fixation and processing greatly affect the staining with this antibody. In this study. we fixed tissues with i o % ethanol at 4°C for 12 hr. With this fixation and routine processing in our laboratory, PCNA showed a pattern of distribution similar to BrdUrd. However, the numbers of labeled cells with PCNA tended to be variable among subjects and even in the same subjects with different determinations. In a small number of sections.
unusually large numbers of nuclei were stained with the PClO antibody ( Figure 6 ). The reason for this observation is not clear. Holocrine secretion is a mode of secretion in apocrine sweat glands (15) . In holocrine secretion. secretory cells disintegrate and cell debris is released into the lumen. However, cell debris was observed in the secretory lumen not only of apocrine sweat glands but also of eccrine sweat glands. This suggests that holocrine secretion occurs not only in apocrine sweat glands but also in eccrine glands. The present data showed that a few secretory cells were in S-phase in both eccrine and apocrine sweat glands; therefore, these cells could proliferate. The labeling index of BrdUrd in eccrine secretory cells was much lower than that in normal epidermis (0.09-0.14% vs 1.4 0.4%) (6) . Nevertheless, we believe that the presence of proliferating cells was valid, since both the BrdUrd and the PCNA Figure 6 A large number of nuclei in apocrine secretory cells are labeled with anti-PCNA antibody Bar = 50 Lim method showed positive cells among secretory cells. On t h e other h a n d , myoepithelial cells were not labeled with either BrdUrd or anti-PCNA antibody. Previous studies have shown that cultured mammary myoepithelial cells can differentiate into secretory cells under certain hormonal influences ( 5 ) . However, our data suggest that it is unlikely that myoepithelial cells proliferate and replace lost secretory cells, a t least in normal sweat glands. O u r observation that mature myoepithelial cells in sweat glands were not labeled with BrdUrd or anti-PCNA is in accord with previous reports showing that mature myoepithelial cells in breast were not seen to proliferate (16, 17) . Furthermore, we could not observe any highly proliferative portion in the coiled duct of eccrine and apocrine sweat glands. This result is in accord with Goldstein's report (9) that failed to demonstrate any particular site of high cell division along t h e apocrine duct of t h e auditory meatus in t h e Velvet monkey. Therefore, we cannot speculate that proliferating ductal cells might replace secretory cells by differentiating into secretory cells. Taken together, our findings indicate that secretory cells in eccrine a n d apocrine sweat glands may proliferate a n d that divided cells probably replace t h e secretory cells that had degenerated a n d were released into t h e lumen.
Our observation raises t h e question of what t h e trigger is for proliferation of secretory cells in sweat gland. Local growth factor or cytokines might induce quiescent Go cells to S-phase. The presence of immunoreactivity to EGF and TGF-a in eccrine sweat glands is documented (18, 19) . However, information about this issue is sparse and remains to be studied further.
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